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4. 作为对半金属元素 UPD 的补充，将离子液体欠电位电沉积体系拓展至可
在水溶液中发生 UPD 沉积的金属体系 Tl，进一步考察介质对欠电位沉积的影响。
结果表明，Tl 的 UPD 具有与在水溶液中一致的外延岛状生长特征，但在离子液
体中 Tl UPD 层外缘结构取向性较弱，离子液体阳离子的吸附发挥了表面活性剂
的作用。 以上结果表明溶剂并不影响 Tl 的放电过程，但影响 Tl UPD 的生长过
程。  
5. 作为另一部分独立工作，在结构明确的 Au（111）单晶表面先后电化学
沉积 Pd 和 Pt，以形成基于 Au（111）表面的结构明确的多元复合结构。运用 STM
对表面结构进行现场和非现场表征，并研究其对甲酸氧化的电催化性能。研究发
现 Pt-Pd 复合结构对甲酸氧化显示出优良的催化活性，明显优于单独的纯 Pt 和纯






















Metal electrodeposition is one of the important branches in electrochemistry, 
which plays an important role in surface science, material science and nanotechnology. 
As a special type of electrodeposition, underpotential deposition (UPD) contains rich 
information on the fundamental issues of interfacial electrochemistry. UPD is 
sensitive to processes at the electrified interface, such as the electric and crystalline 
structure of substrate, ionic adsorption/coadsorption, precursor adsorption, solvation 
layer of metal ion as well as the influence from solvent. These factors have profound 
impacts on the thermodynamics and kinetics of UPD process and thus the final UPD 
structure. However, research toward the understanding of the solvent effect on UPD 
process, which is expressed by the adsorption/coadsorption of solvent molecular and 
the solvation effect of metal ion, are far from completeness and deepness. Room 
temperature ionic liquids provide an excellent non-aqueous environment with tunable 
properties for the investigation of “solvent effect” on metal UPD. 
We choose the semimetal Sb and Bi, which is prone to hydrolysis to from 
oxygenous species of Sb(Bi) with irreversible adsorption at metal surface, and metal 
with large atomic radius Tl as the research systems, respectively. By utilizing in-situ 
scanning tunneling microscopy (STM) as well as traditional electrochemical method, 
systematic investigations of these two systems have been carried out on Au single 
crystal electrode in ionic liquid with a comparison to the UPD behavior obtained in 
aqueous solutions, which demonstrates significant solvent effect from ionic liquid. 
The main results are outlined as follows: 
1. Using SbX3 and BiX3 (X= Cl, Br) as the precursor, systematic investigations 
have been carried out on the UPD behaviors of Sb (Bi) on Au(111) and Au(100)  
electrode in BMIBF4 and BMIPF6 ionic liquid. The hydrolysis of SbX3 (BiX3) is 
suppressed in ionic liquid, and SbX3 (BiX3) exists in its molecular form and is 
pre-adsorbed at surface preceding UPD. The adsorption of SbCl3 and BiCl3 on Au(111) 
with formation and assembly of unique cluster structures was observed. Dynamic 















also successfully observed, which makes the precursor adsorption an ideas system for 
study of molecular assembly at electrified interface. 
2. Comparative studies were performed with SbCl3 in highly acidic aqueous 
solution, in which the hydrolysis of SbCl3 is suppressed effectively and its molecular 
structure is maintained. Identical cluster structure is observed. By tuning the ionic 
strength of the aqueous solution by the addition of high concentrated supporting 
electrolyte, we have systematically studied the dependence of the formation of 
clusters on ionic strength, and found that such supramolecular cluster structure is 
modified and eventually destroyed as ionic strength is further increased by addition of 
NaClO4 up to 2 M, demonstrating the crucial role of strong ionic strength in such 
supramolecular aggregations. The destructive changes of the supramolecular cluster 
structure are attributed to the alteration of ion distribution in the double layer from 
cation rich to anion rich at increasing NaClO4 concentration. This modifies the 
interaction of partially charge SbCl3 clusters with the ions in double layer from 
columbic attraction to repulsion, and eventually breaks the balance of intermolecular 
and molecule-electrolyte interactions, which hinders the formation of SbCl3 clusters. 
3. In the UPD regime, unique UPD structure of Sb and Bi bears cluster features 
of “nanostrip” and “zipper-like” double chain pattern. These results contrast 
dramatically with those obtained in aqueous solutions, indicating the profound 
“solvent effect”, which is caused by the different existing forms of precursor and 
subsequent adsorption and discharging process.  
4. As a complementary system to semimetal UPD, the UPD of metals with large 
atomic radius, Tl, has been carried out in ionic liquid. Epitaxial growth mode of large 
Tl UPD islands is observed, but edges of Tl islands are smoother than those in 
aqueous solution. Here the cation adsorption of BMI+ plays a role of surface 
surfactant. Compared with the similar Tl island structure in aqueous solution, we get a 
conclusion that solvent does not influence the discharging process of Tl, but exerts 
impact on the island growth process. 
5. As an independent part of the thesis work, the well-defined Au(111)-based 














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
